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1
SYSTEM AND METHOD FOR A SPEAKING
CHAMBER WITH VOICE CANCELLATION

FIELD

This application relates to system and methods for a voice
cancellation system and more particularly, to a voice can-
cellation system including a sound muffling chamber, a
sound decelerator, and a sound cancellation system and
method to limit the volume and intelligibility of a voice.

BACKGROUND

One of the most important modes of verbal communica-
tion is by a phone. The basis of this type of communication
is the creation of audible vocal sounds. A user that is talking
on a call produces intelligible vocal sounds which are
detected by a microphone, e.g., located in the phone. At the
same time, the vocal sounds from the user spread in all
directions through the surrounding environment. It is this
uncontrolled propagation of the vocal sounds that may
present problems when the user is in the presence of other
people, which occurs quite often. In fact, the presence of
other people often cannot be avoided—in open-space
offices, in cafes, public transport, or even at home. In these
situations, the user may feel extremely uncomfortable know-
ing that their conversation is not private, and at the same
time, the surrounding people may be annoyed by the dis-
turbance of the conversation.

Many attempts have been made to create a device that
reduces the propagation of vocal sounds further than the
microphone, e.g., located on the user’s phone. The under-
lying principle of these devices is passive voice muffling
using an airtight mask that prevents leakage of air into the
surrounding environment. The weaknesses with such
devices are varied, the chief of which is the requirement of
covering the mouth of the user in an air-tight manner, which
makes it difficult, if not impossible, for the user to breathe
and vocalize. Efforts to improve ventilation capacity of such
airtight masks diminishes the effectiveness of the devices.
Consequently, such voice muffling devices are not ideal.

Therefore, there is a need for an improved device and
method that facilitates private verbal communication over a
phone or other user device without causing annoyance to the
public. Other and/or alternate advantages will be apparent
from the description herein.

SUMMARY

In one aspect, a voice cancellation system includes a
sound muffling chamber configured to cover both a nose and
mouth of a user, wherein the sound muffling chamber
includes soundproof material. At least one microphone is
positioned in the sound muffling chamber, wherein the at
least one microphone is configured to detect a voice of the
user in the sound muffling chamber and generate a voice
signal. A sound silencing chamber includes at least one
speaker and at least one sound decelerator is fluidly coupled
between the sound muffling chamber and the sound silenc-
ing chamber, wherein the sound decelerator includes mate-
rial to increase a traveling time of sound waves from the
sound muffling chamber to the sound silencing chamber. A
signal processing system is configured to analyze the voice
signal and generate a voice cancellation signal, wherein the
voice cancellation signal includes one or more frequency
components having a same frequency and amplitude but a
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2

180 degrees out of phase from one or more frequency
components of the voice signal.

In another aspect, a voice cancellation system includes a
sound muffling chamber configured to cover both a nose and
mouth of a user, wherein the sound muffling chamber
includes soundproof material and at least one microphone
positioned in the sound muffling chamber, wherein the at
least one microphone is configured to detect voice sound
waves of the user in the sound muffling chamber and
generate a voice signal. A headband is coupled to the sound
muffling chamber, wherein the headband includes a tubular
structure configured to extends circumferentially from the
sound muffling chamber over a head of the user. A sound
silencing chamber positioned near an apex of the headband,
wherein the sound silencing chamber includes at least one
speaker. At first sound decelerator is positioned in a left side
of the tubular structure of the headband, wherein the first
sound decelerator is fluidly coupled between a left side of
the sound muffling chamber and the sound silencing cham-
ber. A second sound decelerator is in a right side of the
tubular structure of the headband, wherein the second sound
decelerator is fluidly coupled between a right side of the
sound muffling chamber and the sound silencing chamber. A
signal processing system is configured to analyze the analog
voice signal and generate a digital voice cancellation signal,
and the speaker generates analog sound waves in the sound
silencing chamber in response to the digital voice cancella-
tion signal.

BRIEF DESCRIPTION OF THE DRAWINGS

A more particular description is included below with
reference to specific aspects illustrated in the appended
drawings. Understanding that these drawings depict only
certain aspects of the disclosure and are not therefore to be
considered to be limiting of its scope, the disclosure is
described and explained with additional specificity and
detail through the use of the accompanying drawings
described briefly below.

FIG. 1 illustrates a block diagram of an embodiment of a
voice cancellation system including a sound muffling cham-
ber, a sound decelerator, and sound cancellation system.

FIG. 2 illustrates a front perspective view of an embodi-
ment of the voice cancellation system.

FIG. 3 illustrates a front perspective view of an embodi-
ment of the voice cancellation system.

FIG. 4 illustrates a illustrates a side perspective view of an
embodiment of the voice cancellation system on a user.

FIG. 5 illustrates a front perspective view of an embodi-
ment of a right half of the sound muffling chamber.

FIG. 6 illustrates a back perspective view of an embodi-
ment of the right half of the sound muffling chamber.

FIG. 7 illustrates a side perspective view of an embodi-
ment of the right half of the sound muffling chamber.

FIGS. 8A and 8B illustrate perspective views of an
embodiment of the inflatable layers in more detail.

FIGS. 9A and 9B illustrate perspective views of an
embodiment of the slats and the spring of the sound muffling
chamber in more detail.

FIGS. 10A and 10B illustrate perspective views of an
embodiment of the headband in more detail.

FIGS. 11A and 11B illustrate embodiments of the sound
egress channel in more detail.

FIG. 12 illustrates a schematic block diagram of an
embodiment of the transmission system in more detail.

FIG. 13 illustrates a schematic block diagram of an
embodiment of the DSP system in more detail.
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FIG. 14 illustrates a schematic block diagram of another
embodiment of the DSP system in more detail

FIG. 15 illustrates a perspective view of another embodi-
ment of the voice cancellation system.

FIGS. 16A and 16B illustrate views of another embodi-
ment of the sound silencing chamber.

DETAILED DESCRIPTION

The word “exemplary” or “embodiment” is used herein to
mean “serving as an example, instance, or illustration.” Any
implementation or aspect described herein as “exemplary”
or as an “embodiment” is not necessarily to be construed as
preferred or advantageous over other aspects of the disclo-
sure. Likewise, the term “aspects” does not require that all
aspects of the disclosure include the discussed feature,
advantage, or mode of operation.

Embodiments will now be described in detail with refer-
ence to the accompanying drawings. In the following
description, numerous specific details are set forth in order
to provide a thorough understanding of the aspects described
herein. It will be apparent, however, to one skilled in the art,
that these and other aspects may be practiced without some
or all of these specific details. In addition, well known steps
in a method of a process may be omitted from flow diagrams
presented herein in order not to obscure the aspects of the
disclosure. Similarly, well known components in a device
may be omitted from figures and descriptions thereof pre-
sented herein in order not to obscure the aspects of the
disclosure.

In an embodiment, a voice cancellation system includes a
speaking or sound muffling chamber that enhances a user’s
privacy and minimizes disturbance to the public. The voice
cancellation system includes the following characteristics: 1.
The device detects the vocal sounds created by both the nose
and the mouth of the user since the clarity of the vocal
sounds are lost when either organ is excluded; 2. The device
includes a means for the user to inhale and exhale without
limitations and without risking sound leakage; 3. The device
covers the nose and the mouth in an air-tight manner; 4. The
sound-barrier property of the device is robust such that
leaking of vocal sounds is limited through the body of the
device; 5. The device is sufficiently elastic to accommodate
the facial movement and mouth opening and closing without
disrupting an air-proof seal; and 6. The device is foldable to
permit the user to conveniently carry it. The embodiments
described herein include these advantages and/or alternate or
additional advantages.

FIG. 1 illustrates a block diagram of an embodiment of a
voice cancellation system 100 including a sound muffling
chamber 110, a sound decelerator 120, and sound cancella-
tion system 130. The sound muflling chamber 110 is con-
figured to cover a nose and mouth of a user and form an
airtight seal against the user’s face that prevents leakage of
air from the edges of the chamber 110. The sound muffling
chamber 110 further includes a microphone 112 disposed
within the chamber 110, preferably near the user’s mouth
and/or nose. The microphone 112 is configured to detect the
vocal sounds created by both the nose and the mouth of the
user within the sound muffling chamber 110. The micro-
phone 112 converts the vocal sounds to a voice signal and
transmits the voice signal to a transmission system 114. The
transmission system 114 may include a wired or wireless
transmitter and receiver configured to transmit the voice
signal to a user device, such as a phone, watch, laptop,
vehicle phone, vehicle sound system, voice recorder, or
other processing device. The transmission system 114 may
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also receive transmissions from the user device, such as
audio signals, data, or commands. The transmission system
114 may also transmit any audio signals, such as a voice
signal of a caller and transmit the audio signals to a listening
device, such as ear buds, speaker, headphone, etc.

The voice signal from the microphone 112 is also trans-
mitted to a digital signal processor (DSP) system 136 for
processing. The DSP system 136 receives the analog voice
signal from the microphone 112 and generates a digital voice
cancellation signal. The DSP system 136 analyzes the ana-
log voice signal to determine a plurality of frequency
components and determines an amplitude and phase of the
plurality of frequency components. The DSP system 136
then generates a digital voice cancellation signal including
complementary frequency components that are 180 degrees
out of phase from the frequency components of the analog
voice signal.

A sound outlet 122 is formed in an airtight manner in the
sound muffling chamber 110. A connector tube 124 is
coupled between the sound outlet 122 and the sound decel-
erator 120. The sound decelerator 120 includes one or more
materials configured to slow a travel time of the sound
waves, e.g., increase a traveling time of the sound waves
from the sound muffling chamber 110 to a sound silencing
chamber 132. The sound decelerator 120 provides time for
the DSP system 136 to generate the voice cancellation
signal.

In use, vocal sound waves emanate from the sound outlet
122, e.g., such as from the user’s voice, and are slowed
through the sound decelerator 120 and then guided into the
sound silencing chamber 132. The sound silencing chamber
132 includes a speaker 134 that emits analog out of phase
sound waves in response to the digital voice cancellation
signal from the DSP system 136. In the sound silencing
chamber, the out of phase sound waves from the speaker 134
superimpose on and destructively interfere with the native
vocal sound waves, thereby substantially decreasing the
vocal sound waves or even completely eliminating some or
all the vocal sound waves. The end result is a significant
reduction in loudness and intelligibility of the user’s voice to
the surrounding environment.

In an embodiment, a terminal conduit 138 extends from
the sound silencing chamber 132 to the external environ-
ment and includes sound wave mixing and/or sound decel-
erator materials and a porous outlet cover. For example, the
terminal conduit 138 may include a tortuous structure and/or
porous sound retarding materials to help prevent transmis-
sion of external noise to the sound muffling chamber 110.
The air outlet 140 allows the user to inhale and exhale
without limitations and without risking leakage of intelli-
gible speech. An external microphone 142 may also be
disposed on an external wall of and/or near or within the air
outlet 140 to detect external noise and/or sounds emitted
from the terminal conduit 138. The detected noises and/or
sounds may be transmitted to the DSP system 136 to
generate a noise cancellation signal to further dampen the
sounds emanating from the voice cancellation system 100.

The sound decelerator 120 includes a tortuous sound
conducting conduit that is filled with porous materials. The
sound decelerator 120 is between 4.5 cm to 20 cm long and
made of one or more air-tight materials, such as plastics,
metals, or wood. The proximal end of the sound decelerator
fluidly connects to the sound muffling chamber and the distal
end to the sound silencing chamber. The tortuous configu-
ration of the sound conducting conduit may be of convo-
luted, zigzag, helical, spiral, wavy, labyrinthine pattern. The
luminal wall of the sound conducting conduit may be of
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variable roughness. These features of the sound conducting
conduit serve to slow the sound transmission by increasing
the sound transmission distance and by elevating sound flow
resistance.

The sound propagation speed in the sound conducting
conduit is further modulated by the presence of porous
material in the conduit lumen. Sound transmission through
a porous material is principally determined by the material’s
density, cross-sectional area, pore tortuosity, and length of
the medium. The selected material should be harmless to
humans when inhaled, be resistant to moisture and microbial
growth, and allow adequate air exchange. Examples of
suitable filling materials include neoprene foam, polyethyl-
ene foam, graphene foam, polyolefin foam, expanded poly-
styrene, graphite foam, charcoal foam, and polystyrene hard
foam.

Through the use of such an acoustic conduit the speed of
sound transmission is sufficiently reduced, thereby provid-
ing additional time, e.g., at least the time necessary for the
out of phase sound waves to be produced by the speaker 134.
The slowed transmission of the vocal sound waves of the
user through the sound decelerator 120, then, makes it
possible for the vocal sound waves and the out of phase
sound waves from the speaker 134 to be present simultane-
ously at the sound silencing chamber 132. When excess time
is provided by the sound decelerator 120, the DSP system
136 may delay transmitting the voice cancellation signal or
otherwise synchronize the generation of the anti-phase
sound waves to the arrival of the voice sound waves.

Disposed at both ends of the sound decelerator 120 is
sound absorbing material. Sound absorbing materials that
meet the above specification include Neoprene foam, poly-
ethylene foam, graphene foam, polyolefin foam, expanded
polystyrene, graphite foam, charcoal foam, polystyrene hard
foam. The presence of the sound absorbing material helps to
absorb any reflected sounds at the proximal opening of the
sound decelerator 120 and further slow the forward sound
transmission. The presence of the sound absorbing material
at the distal end of the sound decelerator 120 serves to
further retard the speed of the sound transmission and helps
to reduce the retrograde transmission of sounds, whether it
be external or residual sounds post destructive interference.
The internal surface of the sound wave conducting tubes
may be further lined with materials that may increase the
sound flow resistance, such as fabric, granules, or other
suitable material. The distal end of the sound decelerator 120
is configured to couple with the sound silencing chamber
132. The voice cancellation system 100 thus muffles the
voice of the user and ensures unintelligibility of the con-
versation of the user to the external environment. In addi-
tion, the voice cancellation system 100 provides sufficient
airflow to the user while covering both the nose and mouth
of the user. FIGS. 2 and 3 illustrate perspective views of an
embodiment of the voice cancellation system 100, wherein
FIG. 2 illustrates a front perspective view and FIG. 3
illustrates a back perspective view. Referring to both FIGS.
2-3, the voice cancellation system 100 is configured to be
worn on the head of a user with the sound muffling chamber
110 fitted over the mouth and nose. Including the nose
within the sound muffling chamber 110 is of paramount
importance for the user’s voice to sound normal. When the
nose is excluded, the user’s voice may be perceived as being
“nasal” and can be annoying to the listener.

In one embodiment, the sound muffling chamber 110
includes a left portion and a right portion that intersect at a
centrally located spring 242. In FIGS. 2 and 3, only the left
portion (e.g., the portion worn on a left side of the user’s
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face) is shown to better illustrate the structure of the sound
muffling chamber 110. The overall shape of the sound
muffling chamber 110 is spherical in the longitudinal axis
and parabolic in the transverse axis. This configuration
permits sufficient space in front of the user’s nose and the
mouth for the comfort of the user.

In contrast to the previous art, the sound muflling chamber
110 does not have a “vent” that will cause leakage of the
user’s voice. In an embodiment, the sound muffling chamber
110 has no vent or opening that directly communicates with
the ambient atmosphere. Instead, on at least one side of the
sound muffling chamber 110, the sound outlet 122 fluidly
connects with an elbow-shaped connector tube 124, to a
proximal end of a sound egress channel 220. An opposing,
distal end of the sound egress channel 220 forms the sound
outlet port 140. Between the proximal and distal ends, the
sound egress channel 220, in one example, includes, e.g., the
sound decelerator 120, the silencing chamber 132, and/or the
terminal conduit 138. Therefore, in this example, the air to
and from the sound muffling chamber 110 must flow through
the sound decelerator 120, sound silencing chamber 132 and
terminal conduit 138.

The sound egress channel 220 is supported by an inner
headband 210 that extends circumferentially around the top
of the head. The inner headband 210 may include one or
more brackets 212a-d that hold the sound egress channel
220 and/or other components of the voice cancellation
system 100. A tubular, outer headband 280 may be attached
to the inner headband 210 and/or the sound silencing cham-
ber 132 and is configured to fit circumferentially around the
headband 210.

The sound muffling chamber 110 includes an external
wall 234 and an internal wall 232 that help form an airtight
enclosure that provides sound insulation. The external wall
234 and internal wall 232 may each include one or more
layers of soundproofing materials or insulation. In an
embodiment, the sound muflling chamber 110 may include
one or more inflatable layers, as described in more detail
hereinbelow. The voice cancellation system 100 may further
include an air inlet pipe 230 that provides a fluid connection
to the interior space of the sound muffling chamber 110 for
inflation and deflation of the one or more inflatable layers.
These inflatable layers and the spring 242 enable folding of
the sound mufiling chamber 110 for easier carrying of the
voice cancellation system 100 when not in use.

The lateral body of the sound muffling chamber 110
includes an opening that receives the sound egress channel
220. The connection is made rotatable and sound insulated
by means of a threaded coupling. The lumen of the sound
sound egress channel 220, e.g., including the sound decel-
erator 120 and sound silencing chamber 132, is thus in fluid
connection with the mask chamber.

The transmission system 114 provides a wireless or wired
connection between the voice cancellation system 100 and
the user’s device and may be disposed in the inner headband
210 or in an isolated segment of the outer headband 280. The
transmission system 114 may also provide a wireless or
wired connection to one or more listening devices, 208a,b,
such as speakers, earbuds, headphones, or other devices, that
are attached to or integrated with the voice cancellation
system 100.

FIG. 4 illustrates a side perspective view of an embodi-
ment of the voice cancellation system 100 on a user. The rim
204 surrounds the sound mufiling chamber 110 circumfer-
entially and is made of a rigid material, such as a plastic
and/or metal, and provides structural stability to the sound
muffling chamber 110. When worn, an inferior portion of the



US 11,908,441 B1

7

rim 206 is designed to run along the mandible, and the left
and right side of the rim 204 extends on the left and right
side of the cheeks, respectively. The upper portion of the rim
204 runs along the middle of the cheek laterally and over the
bridge of the nose medially.

The inner rim 206 of the sound muffling chamber 110 is
ergonomically contoured to fit naturally over the lower face
and the nose and is padded with a soft material to enhance
the comfort for the user. The padding material is selected to
optimize the skin contact, hence the sound proofing of the
sound muffling chamber 110. The inner rim 206 with the
padding material is sufficiently elastic to accommodate the
facial movement and mouth opening and closing without
disrupting an air-proof seal to the skin. For the remainder of
the sound muffling chamber 110, the contour of the mask can
in general follow the contour of the face. In fact, it is
advantageous in the periphery circumferentially to create air
proof contact so that there’s no speech or voice sounds
leaked or ingress of external noise.

The air inlet pipe 230 is attached to the inner headband
210 and/or outer headband 280 and includes, at an inferior
end, an inlet port 252 that provides a fluid connection to the
interior space 236 of the sound mufiling chamber 110. At a
superior end, the air inlet pipe 230 includes an air inlet valve
250 that may be opened and closed for inflation and deflation
of the one or more inflatable layers 260 of the sound
muffling chamber 110. A pump or other air source may be
attached to the air inlet valve 250 to insert air into the interior
space 236 of the sound muffling chamber 110. In an open
position, the air inlet valve 250 fluidly couples the air inlet
pipe 230 to an air source and in a closed position, fluidly
closes or decouples the air inlet pipe from the air source.

FIGS. 5-7 illustrate the inflatable layers 260a-f of the
sound muffling chamber 110 in more detail, wherein FIG. 5
illustrates a front perspective view of a right half of the
sound muffling chamber 110, FIG. 6 illustrates a back
perspective view of the right half of the sound muffling
chamber 110, and FIG. 7 illustrates a side perspective view
of the right half of the sound muffling chamber 110. In an
embodiment, the sound muflling chamber 110 includes a
plurality of inflatable layers 260a-f, a plurality of slats
240a-g, and a central spring 242. The overall shape of the
sound mufiling chamber 110 is created by the plurality of
slats 240a-g that extend the width of the sound muffling
chamber 110. The slats 240a-g provide structural support to
the body 500 of the sound muffling chamber 110 and run in
the transverse axis from a left side of the rim 204 to the
central spring 242 and from a right side of the rim 204 to the
central spring 242. Each of the inflatable layers 260a-f is
positioned between and supported by a different pair of slats
240a-g. In this example, the sound muffling chamber 110
includes six inflatable layers 260a-f and seven slats 240a-g.
However, in other exemplary embodiments, the sound mut-
fling chamber 110 may include more or less inflatable layers
260a-f and/or slats 240a-g.

The center section of the sound muffling chamber 110
comprises a vertically oriented compression spring 242 that
extends the whole vertical length of the sound muffling
chamber 110 and is centrally positioned to the slats 240a-g.
The superior end of the spring 242 is secured to a top plate
by a locking member and the inferior end of the spring 242
is secured to a bottom plate by a locking member 502. The
locking member 502 may be engaged or disengaged to lock
and unlock the spring 242. When in an unlocked state, the
spring 242 is vertically compressed and so compresses the
plurality of slats 240a-g together. The plurality of inflatable
layers 260a-f are deflated and folded between the plurality of
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slats 240a-g. When locked in an extended state, the spring
242 is expanded and pushes the plurality of slats 240a-g
apart. The plurality of inflatable layers 260a-f may be
inflated to extend between the plurality of slats.

To inflate the plurality of layers 260a-f, the air inlet valve
250 of the air inlet pipe 230 is opened. A pump or other
mechanism may be connected to the air inlet valve 250 and
used to pump air into the air inlet pipe 230. The air flows,
e.g., from an air pump or other source, from the air inlet pipe
230 into the inlet port 252 that provides a fluid connection
to the plurality of inflatable layers 260a-f in the sound
muffling chamber 110. The inflatable layers 260a-» expand
in response to the pressure of the pumped air. A pressure
gauge 514 may be located, e.g., on the air inlet pipe 230 or
air inlet valve 250, and used to determine a pressure in the
inflatable layers 260a-f. The inflatable layers 260a-f may be
inflated to a predetermined pressure or pressure range. To
maintain the proper air pressure in the inflatable layers
260a-f, the elements of the body 500 of the sound muffling
chamber 110 are assembled hermetically. When inflated, the
material and thickness of the plurality of inflatable layers
260a-n help to provide an effective sound barrier.

For deflation, the air inlet valve 250 is opened, and the
central spring 242 is unlocked such that the slats 240a-g are
compressed toward each other. A lock mechanism (not
shown) may be implemented to engage and lock the superior
and inferior ends of the central spring 242 into a compressed
state. This compression of the central spring 242 also
compresses the inflatable layers 260a-» and forces the egress
of air from the air inlet pipe 230. As air is released, the
inflatable layers 260a-r fold inside the plurality of slats
240a-g. The size of the body 500 of the sound muffling
chamber 110 is thus decreased, and so the voice cancellation
system 100 is more convenient to carry, e.g., around the neck
of the user or in a backpack.

The longitudinally expandable property of the sound
muffling chamber 110 serves another important function. It
allows the user to easily open and close their mouth when
talking without dislodging the sound mufiling chamber 110
from its proper position. Without this expandable property,
the position of the sound muffling chamber 110 may be
forced out of alignment to accommodate the closing and
opening of the mouth. With such an unstable contact
between the mask and the face, there is a strong possibility
of sound leaking, which is less than ideal. Thus, the sound
muffling chamber 110 in this embodiment is expandable in
the longitudinal axis at least by the same magnitude as the
mouth opening. This expansion allows the contact between
the sound muffling chamber 110 and the face to remain
properly aligned and the air-proof property can be main-
tained during speaking. In addition, the skin-contacting
inner rim 206 is lined with soft non-porous material to effect
an airtight sealing.

As shown in FIG. 7, at the lateral ends, the slats 240a-r
are attached to the lateral rim 204 via coupling members
700a-f. The coupling members 700a-f are swivably attached
to the lateral rim via rivets. This connection enables the slats
240a-n to swivel during inflation and deflation of the inflat-
able layers 260g-z and during movement of the user’s
mouth.

The sound muffling chamber 110 may also include an
exterior wall 234 and an interior wall 232 that enclose the
slats 2404-g and the inflatable layers 260a-f'and form part of
the air-tight enclosure of the sound muffling chamber 110.
The exterior wall 234 and the interior wall 232 may com-
prise multiple layers of sound-absorbing material, such as
fabric or foam made from natural and synthetic materials,
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intermixed with a non-porous sound reflecting layer that
may be derived from polymers, silicone, or rubber. The
interior wall 232 of the sound muffling chamber 110 may be
lined or coated with a sound-absorbing material to create an
anechoic chamber. For example, the interior wall 232 may
include a sound absorbing layer or coat, such as acoustic
paint, fabric, or fibers. The outermost wall 234 of the
inflatable layers 260a-» may be further reinforced with a
decorative layer or sound barrier materials. Both the inner
and outer walls of the sound muffling chamber 110 span the
entire height of the mask body and are hermetically affixed/
bonded to the inner surface and outer surface of the slats
240a-n, respectively.

FIGS. 8A and 8B illustrate perspective views of an
embodiment of the inflatable layers 260a-z in more detail,
wherein FIG. 8A illustrates a bottom perspective view and
FIG. 8B illustrates a front perspective view of the inflatable
layers 260a-rn. The sound barrier in the sound muffling
chamber 110 is created by the multiple inflatable layers
260a-r of sound blocking materials. In an embodiment, the
inflatable layers 260a-n comprise longitudinally expand-
able, transversely oriented, honeycomb-shaped air cells
(honeycomb cells) 800a-f that span the entire horizontal
width of the body 500 of the sound muflling chamber 110.
The height of each honeycomb cell 800a-ftapers from the
central section to the lateral rim 204 of the sound mufiling
chamber 110. The height of a honeycomb cell 800a-f at the
central portion may range between 10 mm to 30 mm and the
height of the honeycomb cell 800a-f laterally may range
between 2 mm to 10 mm. Each of the interposing inflatable
layers 2064-7 measures 5 mm to 15 mm in the anterior to
posterior direction. Honeycomb cells 800qa-f taper in the
medial to lateral direction where the lateral dimension is %4
to V2 of the medial dimension. The honeycomb shaped cells
800a-f include openings such that the inflatable layers
260a-f are fluidly coupled for inflation and deflation.

The honeycomb cells 800a-f' may be in the inflated state
or deflated state. In the inflated state, the honeycomb cells in
the inflatable layers 206a-2 expand the cell space, thereby
enhancing the sound barrier capability. The cross section of
a honeycomb cell 800qa-f takes on an irregular hexagonal
shape with two opposing faces being much longer than the
other four faces. These two faces form the superior and
inferior surface of an inflatable honeycomb cell. By means
of rivets, an adhesive, a plurality of screws, or other attach-
ment means, one of the two longer faces of each honeycomb
cell 800q-f affixes to the superior face of a lower, contiguous
slat 240a-f'and the opposing face affixes to the inferior face
of'an upper, contiguous slat 240a-f. The posterior side of the
honeycomb cells 800a-f are hermetically attached to the
inner wall 232 of the sound muffling chamber 110 by means
of rivets, an adhesive, a plurality of screws, or other attach-
ment means. Utilizing a similar means, the anterior surface
of the honeycomb cell 800a-f are hermetically attached to
the outer wall 234 of the sound muffling chamber 110.

The outer 234 and inner wall 232 and honeycomb cells
800a-f form a triple-layered structure. The honeycomb cells
800a-f may comprise thin, non-porous, thermoplastic
film(s), such as high density polyethylene (HDPE), poly-
propylene(PP), polycarbonate (PC), polyvinyl chloride
(PVC), polyethylene terephthalate (PET), polyvinylidene
chloride (PVDC), and polyamide (PA), poly(vinylidene
chloride) (PVDC), poly(vinyl alcohol) (PVOH), or other
suitable material. One of the main functions of the honey-
comb cells 800a-f'is to block the transmission of the user’s
voice. The outer 234 and inner wall 232 of the honeycomb
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cells 800qa-f include sound-absorbing and sound-nonreflec-
tive, porous or non-porous fabric, foam, or a perforated film
layer.

Each of the honeycomb cells 800a-f'is made with creases
on all six edges to facilitate a folding assembly. At the lateral
end, each honeycomb cell 8004a-f'ends in a hexagonal blind
pouch with creases created thereof. Creases are on the
central layer of both the inner and outer sound barrier
structure before the flanking layers are bonded. The created
creases are precisely designed to align with the honeycomb
creases. Creases may or may not be created on the flanking
layer. Once creases are created, the central layer and the
flanking layers are bonded together. The bonding material
remains elastic after it cures. The same bonding material is
used to bond the honeycomb cells 800a-fto the mask frame.

The honeycomb cells 800a-f become deflated when the air
is released. This deflating procedure is achieved by means of
opening the air inlet valve 250 and compressing the central
spring 242. In the deflated state, the adjacent honeycomb
cells 800a-f are collapsed on to each other, and the overall
dimension of the sound muffling chamber 110 is substan-
tially reduced, making it easier for the user to carry, e.g.,
around the neck or in a backpack.

FIGS. 9A and 9B illustrate perspective views of an
embodiment of the slats 240a-g and the spring 242 of the
sound muffling chamber 110 in more detail. The slats 240a-g
include a plurality of thin rectangular members made with
rigid and lightweight materials (such as polymers, graphite,
woods, metals, or other suitable material). The height of
each slat 240a-g ranges between 0.1 mm to 5 mm. Each slat
240a-g attaches to the superior face of a lower honeycomb
cell 800g-¢ and an inferior face of an upper, contiguous
honeycomb cell 800a-f. In this way, each honeycomb cells
800a-f'is connected to an adjacent honeycomb cells 800a-f
using the slats 240qa-g.

In one embodiment, one or more of the slats 240a-g
extend from a lateral side of the rim 204 to the spring 242.
For example, in a right portion of the sound muffling
chamber 110, the medial slats 2405-f shown in FIG. 9A
extend from the right lateral rim 204 to at least the spring
242 in a central section of the sound muffling chamber 110.
An edge of each of the medial slats 2405-f forms a notch
900a-¢ to accept a lateral half of a turn of the spring 242.

In an embodiment, the top slat 240a and the bottom slat
240g extend the length of the sound muffling